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INTRODUCTION 
The problem which the writer is analyzing in this thesis was 
suggested by Professor E. W. Carlton o£ the Civil Engineering Depart-. 
ment. It is a determination, by use ot sonic testing equipnent, of 
the growth in the sonic modulus of early age concrete. 
Since 19.38 when T. C. Powers published his paper, "Measuring 
Young's Modulus of Elasticity by Means of Sonic Vibrations", in the 
proceedings of the American Society of Testing Materials, Vol. 38, 
Part II, a great deal of work has been done on the applications of 
sonic testing of concrete. It began a new era in concrete testing, 
that ot nondestructive testing. Prior to 1938 and still todq, most 
tests on concrete are of a destructive nature, that is, physically 
breaking the specimens. 
Sonic testing of concrete does not damage the. specimens, and they 
may be tested over and over again. This is a distinct advantage over 
destructive testing where a specimen can on13' be tested once. The 
largest practical application ot sonic testing has been in concrete 
deterioration testing, namely freezing and thawing. Here the specimen 
can be tested as it progresses through accelerated freezing and 
thawing cycles, resulting in a large saving in time and materials. 
Another advantage is its simplicity, accuracy and speed. 
Today there are two principal methods of sonic testing. Ctle is 
the pulse-velocity method(l), and the other is the resonant frequency 
(1) Whitehurst, E. A., Pulse-velocity Techniques and Equipment for 
Testing Concrete, Proc, Highway Research Board 2.3rd annual meeting, 
PP• 226-2.42. January. 1954. 
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method. The pulse-velocity method is a field method for testing the 
concrete in situ. Basically, it is the measurement of the velocity of 
vibration waves traveling through the concrete. The modulus of elasti-
city can then be calculated from the velocity of these vibrations. 
These vibrations can be generated by a single physical impact, by 
electronic devices, or by a combination of the two. This method is not 
too applicable to laboratory testing because the size of laboratory 
specimens make the measurement of the velocity wave too difficult. 
The resonant frequency method is a laboratory method for testing 
the concrete and is the method of test used in this thesis. Basically, 
it is the measurement of the fundamental frequency of vibration of the 
specimen. The specimen is supported at the nodal points and vibrations 
are induced in the specimen. The modulus of elasticity can then be 
computed from the fundamental frequency. 
Hereafter in this thesis, when referring to the resonant frequency 
method, the term "dynamic modulus" will be used instead of the more 
conunon "sonic modulus" to avoid confusion with "Soniscope", which is 
the name of one instrument used to determine pulse-velocity(2). 
{2) Philleo, R. E., Comparison of Results of Three Methods for 
Determining Young's Modulus of Elasticity of Concrete, Journal of the 
American Concrete Institute, Vol. 51, P• 461, 1954-1955. 
The published literature on the resonant frequency method refers 
to the dynamic modulus of concrete at ages of 28 days and older. A 
few writers n:ake their first reference to the dynamic modulus of elasti-
city at an age of seven days. The majority of the investigators check 
the dynamic modulus at ages of 28 days or older. It appears that little 
research has been conducted on the dynamic modulus .of early age concrete. 
Thus, it was decided to conduct a study of the growth in the dynamic 
modulus of early age concrete. 
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REV:ml OF LITmATURE 
The sonic method ot determining Young's modulus of elasticity hae 
received increased attention during the paet twenty years. Many pub-
lished papers and reports exist on the subject. A review of the 
literature covering the theory and development of sonic testing using 
the resonant frequency method 'Will now be discussed. 
Two important dynamical properties of any elastic system are(3): 
(3) Thomson, W. T., Measuring Changes in Physical Properties of 
Concrete by the Dynamic Method, Proc. American Society of Testing 
Materials, Vol, 40, P• 1U3, 1940. 
the natural frequency of vibration; and the damping capacity. For a 
vibrating beam or given dimensions, the former is related ~ to 
the ratio of the modulus of elasticity and the mass density, while the 
latter is related to the energy dissipated by internal ani external 
friction. Essentially, the sonic method of testing requires the 
measurement of the natural frequency of vibration of prismatic beams, 
from which the modulus or elasticity can be calculated by a simple 
relationship involving the frequency, dimensions, and density of the 
beam, 
In the derivation of the relationship between Young's modulus and 
the frequency of vibration(4), it is assumed that the material is 
(4) Obert, L., Sonic Method of Determining the Modulus ot Elasticity 
of Building Materials Under Pressure, Proc. American Society or 
Testing Materials, Vol. 39, PP• 987-995, 1939. 
perfectly' elastic, that is, that the stress is proportional to the 
strain. The amplitude of vibration and hence the strain produced in 
the vibrating specimen is small. Thus, the region ot perfect 
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elasticity need not be particularly extensive, in fact if the stress-
strain curve of the material has no abrupt variation, the limit of the 
change in stress to the change in strain (the tangent modulus) may be 
used. Therefore, in -: calculating Young's modulus from the frequency bY 
such a relationship, it is the tangent modulus that is obtained. 
T. C. Powers ( 5) began sonic testing of concrete by striking a 
(5) Powers, T. c., Measuring Young's Modulus of Elasticity by Means 
of Sonic Vibrations, Proc. American Society of Testing Materials, 
Vol. 38, Part II, PP• 4&1=467, 1938. 
concrete beam with a hammer, and then a set of orchestra bells of 
known frequency, This proces s was repeated until in the estimation of 
the observer the concrete and the bells were at the same frequency. 
The dynamic E was then computed from the basic sourxi equation wich can 
be four:d in any standard vibrations text ( 6). 
!§) Powers, T. c., ibid., P• 460. 
Where: E .. Dynamic Young's Modulus 
N • Frequency of vibration 
d = Density 
L ,. Length of beam 
k • Radius of gyration 
m = A constant 
The constant m is dependent on t/L and includes a correction for rotary 
and lateral inertia which was computed by W. P. Mason ( 7). The above 
( 7) Mason 1 W. P. , Motion of a Bar Vibrating in FleJOJ.re Including the 
Effect of Rotatory and Lateral Inertia, Journal, Acoustical Society 
of America, Vol. 6, PP• 246-249, 1935. 
OS 
equation is in the c.g.s. system. 
Striking the concrete with a hammer and then ringing a bell was a 
very crude method, but it showed that sonic testing of concrete was 
possible. L. Obert(8) made the first real improvement in the method. 
{8) Obert, L., op. cit., PP• 987-995. 
He used an oscillator to induce vibrations in the specimen, and at the 
other end of the beam he placed a pick-up, the output of which was 
amplified and supplied to an oscillograph. When the frequency of the 
driving force is equal to the fundamental frequency of the b~am, the 
systems are in resonance, that is, the beam vibrates with a maximum 
amplitude. Therefore, the amplitude of the oscillograph pattern will 
have a corresponding maximum. The frequency of vibration was then 
measured with a Syncro-clock. 
The next important improvement was made by T. F. Willis and M. E. 
DeReus ( 9). Their apparatus consisted of a beat-frequency oscillator, 
(9) Willis, T. F., and DeReus, M. E., Discussion on Measuring 
P~sical Changes in Concrete, Proc., American Society of Testing 
Materials, Vol. 40, PP• ll23-ll29, 1940. 
amplifier, driver, pick-up and oscillograph. With this set-up, the 
Lissajous pattern appearing on the oscillograph would be a perfect 
circle when the specimen was vibrating at its fundam.Eiltal frequency. 
This simplified the procedure and made possible a positive identi-
fication of the fundamental frequency. 
In 1941 L. Obert and W. I. Duvan(10) reinvestigated. the previous 
(10) Obert, L., and Duvall, W. I., Discussion of Dynamic Methods of 
Testing Concrete with Suggestions for standardization, Proc., 
American Society of Testing Materials, Vol. 41, pp~ 1053-1070, 1941. 
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theory and added another correction, T, to what is now comnonly called 
Powers formula(ll), T being a correction for the effect of rotary 
(11) Powers, T. c., op. cit. 
inertia and moment of shear. 
G. Pickett reinvestigated the theory and coniucted a detailed 
mathematical analysis, correcting for rotary inertia, lateral inertia 
and shear(12). He reduced the equation to: E = CWn2 
(12) Pickett, G., Equations for Computing Elastic Constants From 
Flexural and Torsional Resonant Frequencies of Vibration of Prisms 
and Cylinders, Proc., American Society of Testing Materials, Vol. 45, 
PP• 846-865, 1945. 
Where: E = Young's Modulus 
W a Weight of the specimen 
n = A resonant frequency 
C = A factor which depends upon the shape and size 
of the specimen, the mode of vibration, Poisson's 
ratio. 
Values of E ·computed with this equation are slightly higher than those 
computed by the previous equations. This equation has received con-
siderable attention since it was first published, and has now been 
incorporated in a tentative ASTM test; Tentative Method of Test for 
Fundamental Transverse, Longitudinal and Torsional Frequencies of 
Concrete Specimens, ASTM Designation: C215-55T.(l3) 
(13) Ameri can Society of Testing Materials, 1955 Book of ASTM stan-
dards, Part 31 Triennial Publication. Philadelphia, Pa. 1 American 
Society of Testing Materials, PP• 1355-1359, 1955. 
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Sonic testing techniques have greatly improved from the Powers 
haaer and bell method of twenty years ago. Today sonic testing is 
being extensively used in deterioration studies and its use will un-
doubtedly increase in years to come, as new applications are found. 
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DISCUSSION 
This portion of the thesis contains the following: 
1. Test apparatus. 
2. Materials used. 
3. Concrete mixes used. 
4. Making the specimens, their sizes and curing the specimens. 
5. Sonic testing and destructive testing of the specimens. 
Test Apparatus 
Apparatus used for the experiments was of many different kinds. 
The apparatus was as follows: 
1. Two types of electrical sieve shakers. 
2. Lancaster Counter Current Batch Mixer. 
3. Two types of concrete forms. 
4. Air-entrainment pressure apparatus. 
5. Two types of Riehle Universal Testing Machines. 
6. Sonic testing apparatus. 
7. CUring Room. 
Each apparatus will now be discussed in detail to give the reader 
a clearer understanding of the apparatus used. 
1. Electrical sieve shakers used for screening the coarse and 
fine aggregate were of two types. The large shaker, The Gilson 
Mechanical Testing Screen, is a product of the Gilson Manufacturing 
Company, Mercer, Pennsylvania. It has five woven wire screens con-
forming to the standard specifications for sieves; the designations in 
inches being: 1", 3/411, 1/2", 3/811 and #4. This shaker was used to 
OS 
grade the coarse aggregate prior to mixing the concrete. The small 
shaker, Rotap, is a product of theW. s. Tyler Company. It has a rotary 
movement, and a cast iron arm which tapped the sieves at intervals to 
produce screening of the aggregate. This machine which holds six stan~ 
d&rd laboratory sieves at a time was used in determining the aggregate 
gradation of the coarse and fine aggregates. Different sieve sizes 
were used, depending on the aggregate. 
2. The concrete mixer was a lancaster Counter Current Batch 
Mixer, type sw, a product of the Lancaster Iron Works, Inc., Lancaster, 
Pennsylvania. The mixer capacity is approximately four cubic feet, and 
is driven by an electric motor, the power being transferred to the 
moving parts by pulleys and V belts. The concrete is mixed in a hori-
zontal tub that revolves clockwise, while two paddles suspended from 
above revolve counter-clockwise. The interior surfaces and paddles 
were kept clean throughout the experiments to keep the mixes constant 
and free of foreign elements. 
3. Two types of form were used, one for cylinders and one for 
beams. The cylinder forms were standard 6" diameter by 12" high, made 
of wax paper with a metal bottom; a product of Tillery Container 
Corporation, Kansas City, Missouri. These forms could only be used 
once. The beam forms were made by Mr. c. stimson of the Harris Hall 
Shop. 3/4" plywood held together with bolts for easy assembly and dis-
assembly were used. They V8re thoroughly cleaned before assembling, 
and a thorough application of form oil was applied prior to placing the 
concrete. 
4. The air-entrainment pressure apparatus is a portable apparatus 
made from alkali resistant light weight alloy, called ACME air-entrainment 
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pressure meter, and is made by E. w. Zimnerman, Chicago, Illinois. It 
has three main parts: bowl, upper assembly and calibration cylinder. 
The calibration cylinder was calibrated to read directly percent en-
trained air when the air pressure gage read 15 psi. 
5. Two types ot Riehle Universal Testing Machines, manufactured 
by the American Machine and Metals, Inc., East Moline, Illinois, were 
used. <Ale type was used tor the compression tests on the cylinders, 
and the other for the transverse beam tests. The machine used for co~ 
pression tests was hydraulically operated, and had two ranges, one up 
to 6o,OOO pounds, and the other to 300,000 pounds, graduated in 500 
pound increments. The loading range is on to l n per minute. A stan-
dard compressometer dial apparatus was used to record the deformation 
of the specimen. The machine used tor transverse beam tests was 
mechanically operated and had six load ranges. The range used was 
number tour which recorded loads up to 6,000 pounds with graduations 
ot 10 pound increments. The loading range was 0.025" to 2" per minute. 
6. The sonic testing apparatus was used to obtain Young's 
modulus of elasticity of the concrete beams. The apparatus consists 
ot a cathode-ray oscillograph, an audio oscillator, an amplifier, a 
driver to produce the vibrations, and a pick-up. See Figures l and 2. 
The cathode-ray oscillograph is a product or Allen B. DuMont 
Laboratories, Inc. , Passaic, New Jersey, type 164E. The audio 
oscillator was manufactured by Hewlet Packard, Palo Alto, California. 
Its range of cycles is 550 to 6,000 cycles with graduations of 10 
cycles in the 550 to 1,000 cycle range, 20 cycles in the 1,000 to 1,400 
cycle range, ~ cycles in the 1,400 to 3,000 cycle range, and 100 
cycles in the 3, 000 to 6, 000 cycle range. The driver is an ordinary 





Concrete Beam Pick-up 
Fi gure 1. 






SONIC TESTING APPARATUS 
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magnetic speaker with a stem cemented to the voice coil. The stem 
transmits the vibrations to the specimen. The speaker is a product of 
the Quam Company, Chicago, Illinois. The pick-up is a simple phono-
graph pick-up manufactured by the Astatic Corporation, Conneaut, Ohio,. 
and is used to transmit the vibrations from the beam to the amplifier. 
The amplifier was assembled by the Electrical Engineering Department. 
Test procedure with the sonic apparatus is explained in part 5 
of the discussion. 
7. The curing room is located under the basement stairway at the 
north end of Harris Hall. It is approximately 4 feet by 16 feet, and 
a fine mist spray is continually sprayed into the room from two nozzles 
placed at about the third points in the ceiling. The specimens were 
cured on wooden racks in the room. Average temperature in the roan was 
82°F. 
Materials Used 
The materials used in the experiments were as follows: 
1. Cement. 
2. Fine Aggregate. 
3. Two types of coarse aggregate. 
4. Water. 
5. Air-entraining agent. 
6. Plaster of Paris. 
Each of the materials will now be discussed to give the reader 
the pertinent information on their physical properties. 
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1. All of the cement used in the experiments was Type I. Portland 
Cement • manufactured by the Universal Atlas Cement Company • a Sub-
sidiary of the United States Steel Corporation. Its specific gravity 
was 3 .15. 
2. All of the fine aggregate used in the experiments was a river 
run sand from the banks of the Merrimac River near Pacific• Missouri. 
It contained mostly chert and quartz. A sieve analysis was made on 
the fine aggregate using the Rotap machine, in accordance with Standard 
Method of Test for Sieve Analysis of Fine and Coarse Aggregate. ASTM 
Designation: Cl36-46(14). The aggregate conformed to the grading 
(J.4) ASTM, op. cit., PP• 1218-1221. 
specifications set forth in Tentative Specifications for Concrete 
Aggregates. ASTM Designation: C33-55T(l5). See Figure 3 and Table 1. 
(15) ASTM, ibid., PP• 1145-1151. 
The unit weight of the aggregate was determined in accordance with 
Tentative Method of Test for Unit Weight of Aggregate, ASTM Designation: 
15 
C29-55Ttlo), and found to be 105 pounds per cubic foot. The specific 
(1~) ASTM1 ibid., PP• 1241-1242. 
gravity and absorption of the aggregate were determined in accordance 
with the Standard Method of Test for Specific Gravity and Absorption of 
Fine Aggregate, ASTM Designation: Cl28-42(17). The specific gravity 
{17) ASTM1 ibid., PP• 1233-123~. 
was 2.56, and the absorption 1.5 percent. The fineness modulus was 
3. Two types of coarse aggregate were used. One was a river run 
gravel from the banks of the Merrimac River near Pacific, Missouri, and 
the other was a crushed limestone from the Bussen Quarry, St. louis, 
Missouri. A sieve analysis was made on the coarse aggregates using the 
Rotap machine, in accordance with Standard Method of Test for Sieve 
Analysis of Fine and Coarse Aggregates, ASTM Designation: C136-46(18). 
(18) ASTM1 ibid., PP• 1218-1221. 
The river run aggregate conformed to the grading specifications set 
forth in Tentative Specifications for Concrete Aggregates, ASTM 
Designation: C33-55T(l9). The crushed limestone did not conform. See 
(19) ASTM, ibid., PP• 1145-1151. 
Figures 4 and 5, and Tables 2 and 3. The crushed limestone had too 
large a percentage of material in the 3/8" to #10 sieve range. So, 
prior to mixing, it was regraded, using the Gilson Mechanical Testing 
Screen, to the following specification which conforms to ASTM Desig-
nation: C33-55T: 1/2" - 35%, #4 - 60%, #10 - 5%. The percentages are 
















Cll 40 p... 
+> 
s:: 
Q) ASTM Limits u 
20 -- ~ ieve Analysis ~ 
CD p... 
0 L-------~------~------~------~------~------~ 
100 50 30 16 8 4 3/8 
S tandard Sizes or Square Mesh Sieves 
Figure 3. 
SI EVE ANALYSIS OF FI NF AGGREGATE 
ASTM Designation: C33-55T 
Sieve Weight Per Cent ~ Retained Per Cent 
Number Retained Retained Cumulative Passing 
4 0 0 0 100.0 
8 94 . 5 9.5 9.5 90 .5 
16 1 94 .8 19.4 28. 9 71.1 
30 149 .3 14. 9 43.8 56 .2 
50 336.5 33.6 77.4 22.6 
1 00 218.5 22.0 99 .4 0 .6 
Pan 6.2 0.6 N/A 0 
Total 999 . 8 100.0 259 .o 
Table 1. 
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Figure 4. 
SI EVF ANA T_,Y~ IS OF C OAR ~F AGGREGATF , CRU~HED ROCK 
ASTM Designation: C33-55T 
Sieve \~ 'eight Per Cent Per cent 
Number Retained Retained Passing 
1" 0 0 100. 0 
3/4" 0 0 100. 0 
3/8" 1, 903.3 39.0 61. 0 
4 1,746.0 35.8 2 5 . 2 
10 510.6 10.5 14. 7 
Pan 720.7 14.7 0 
Total 4, 979.6 lOJ .O 
Table 2. 
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Figure 5. 





RIVER R'nJ GRAVEL 
ASTM Designation: C33-55T 
\~:ei e?:ht Per Cent Per Cent 
Retained Retained Passing 
0 0 100 . 0 
62.7 1.7 98 .3 
-
1,076.0 28.7 69.6 
1,608 .0 42. 9 2 6 .7 
812.() 21. 6 5 . 1 
111. 0 3.0 2 .1 
81.7 2.1 0 
3, 751.4 1 00 . 0 
Table 3 . 




aggregates were determined in accordance with Tentative Method of Test 
for Unit Weight of Aggregate, ASTM Designation: C29-55T(20); and the 
{20) ASTM, ibid., PP• 1241-1242 
specific gravities and the absorptions of the aggregates were determined 
in accordance with the Standard Method of Test for Specific Gravity and 
Absorption of Coarse Aggregate, ASTM Designation: Cl27-42(21). See 
(21) ASTM, ibid., PP• 1233-1236. 
Table 4. 
4. The water used in the experiments was ordinary tap water from 
the City of Rolla water distribution system. 
5. The air-entraining agent used was a vinsol resin, which is a 
natural wood resin. It is sold under the trade name of Ad-Aire 1 a pro-
duct of Garter Waters Corporation, Kansas City, Missouri. 
Aggregate 
Unit Weight Specific Absorption 
lb./cu. ft. Gravity Per Cent 
River Run 95 2.64 0.42 
Crushed Rock 95 2.57 0.68 
Table 4 
PROPERTIES OF COARSE AGGREGATES 
6. Plaster of Paris was used to cap the cylinders prior to 
testing them in compression. A dental Plaster of Paris called Con-
sumers Plaster of Paris, produced by the Consumers Glue Company of St. 
· Louis, Missouri, was used throughout the experiments. 
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Concrete Mixes Used 
The concrete mixes were designed using the Portland Cement 
Association's pamphlet "Design and 8ontrol of Concrete Mixtures, Tenth 
Edition". Two basic mixes were used, one for the crushed limestone 
and one for the river run gravel. For each .mix, a batch of normal 
concrete, and a batch with the air-entraining agent were made. 
The mix proportions for the crushed limestones were 1:1.97:3.36 
with 5.6 gallons of water per sack of cement(22). The mix proportions 
(22) Bansel), P. G., Physical Properties of Concrete at Early Ages, 
'nlesis, Missouri School of Mines and Metallurgy, Rolla, Missouri, 1956. 
for the river run gravel were 1:2.94:4.03 with 7.5 gallons ot water per 
sack of cement. Computations for each of the mixes follows. 
1. Crushed limestone, mix proportions 1:1.97:3.36. 
Cement, 1 sack 0.4872 cu. rt. abs. vol. 
Fine Aggregate 1.97 X 0.656 1.2930 cu. ft. abs. vol. 
Coarse Aggregate 3.36 X 0.592 1.9900 cu. ft. abs. vol. 
Water 5.6 gal. 5.6/7.5 o.z!J:ZO cu. ft. abs. vol. 
4.5082 cu. ft. abs. vol. 
Air 0.06% 0.0027 cu. ft. abs. vol. 
Total 4.5109 cu. ft./sack cement 
Quantity desired per batch - 3 cu. ft. 
Number of Sacks cement required per batch - 3/4.5109 = 0.665 
Batch Quantities 
Cement 0.665 x 1 x 94 = 62.50 lbs. 
Sand 0.665 X 1.97 X 105 ::a 137.50 lbs. 
Gravel 0.665 x 3.36 x 95 =- 212.00 lbs. 
Water 0.665 x 5.6o x 8.33 =- 31.00 lbs. 
Z1 
Moisture Content of the fine aggregate - o.o%, moisture content of the 
coarse aggregate - o.o%. 
Pounds effective water in the fine aggregate: 
(0.00 - 1.50) (137.50) =-2.06 lbs. 
100 
Pounds effective water in the coarse aggregate: 
(0.00 - 0.68) (212.00) 
100 
=-1.44 lbs. 
Total effective water - 3.50 lbs. 
Water for the batch 31.00 + 3.50 = 34.50 lbs. 
Final Mix: 
Cement 62.50 lbs. 
Sand 137.50 lbs. 
Gravel 212.00 lbs. 
1/2" - 35% .. 74.2 lbs. 
#4 - 60% = 127.2 lbs. 
#10 - 5% = 10.6 lbs. 
Water 34.50 lbs. 
Percentages are per 
cent retained on 
2. River run gravel, mix proportions 1:2.94:4.03. 
Cement Factor = l1_ a 4.90 
7.5 
Absolute volume of cement = 94 (4.~) = 2.345 cu. ft. 
3.15 ( 2.4) 
Absolute volume of water = l1__ a 4.950 cu. ft. 
7.48 
Volume of paste = 2.345 + 4.950 = 7.295 cu. ft. 
Absolute volume or Aggregate = 27.000 - 7.295 = 19.705 cu. ft. 
Absolute volume or sand = (0.43) (19.705) = 8.460 cu. ft • 
. Weight of dry sand = (8.46) (2.56) (62.4) = 1,352 lbs. 
Absolute volume or gravel = (0.57) (19.705) = 11.240 cu. ft. 
Weight of dry gravel ~ (11.24) (2.64) (62.4) 2 1,855 lbs. 
For one sack mix: 
Sand =- 1,352 ,. Z76 lbs. 
4.90 
Gravel 2 1,855 ,. 379 lbs. 
4.90 
Moisture content of fine aggregate 0.0%, moisture content of 
coarse aggregate o.o~. 
Moisture correction a Absorption + Moisture Content. 
Sand a-1.50 - 0.00 a -1.50% 
Gravel a -0.42 - 0.00 ~ -0.42% 
Moisture Correction: 
Sand = (-1.50) (Z76) = -4.14 lbs. 
Gravel =- (-0.42) (379) • -1.59 lbs. 
Total effective water -5.73 lbs. 
Water • (37) (8.33) = 62.90 lbs. 
4.90 
Water for batch a 62.9 + 5.73 = 68.63 lbs. 
Final one sack mix: 
Cement 94 1bs. 
Sand Z76 1bs. 
Gravel 379 1bs. 
Water 68.63 lbs. 
For a 3 cu. f't. mix: 
Cement =- 94 (4.9) (3) = 51.2 lbs. 
Z7 
Sand • (276) (51.2) = 150.5 lbs. 
94 
Gravel = (379) (51.2) = 206.5 lbs. 
94 
Water • (68.63) (51.2) = 37.25 lbs. 
94 
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Making The Specimens 
The concrete specimens were made in the Highway Materials Testing 
Laborator,y in the basement of Harris Hall, in accordance with Standard 
Method of Making and Curing Concrete Compression and Flexure Test 
Specimens in the Laborator,y, ASTM Designation: Cl92-55(23). Each batch 
(23) ASTM, op. cit., PP• 1318-1322. 
produced three cubic feet of concrete. This provided enough concrete to 
make 8 beams, 16 inches long, 3 1/2 inches wide, ani 4 1/2 inches deep. 
and 8 cylinders 6 inches in diameter and 12 inches high. Several days 
before the batches were to be mixed, the aggregates were removed from 
the storage bins and placed i n cardboard cartons. This was to insure 
even moisture contents throughout the aggregates. The crushed lime-
stone was regraded to conform to the s_pecifications stated in the dis-
cussion of the coarse aggregates. 
All of the mater ials, cement, fine aggregate, coarse aggregate and 
the water were weighed on a Toledo scale. The scale was accurate to 
1/4 of a pound. The fine aggregate, cement and 2/3's of the water were 
placed in the mixer first. Then the coarse aggregate was added. This 
procedure was used because there are less initial bulking of the mixture 
when the coarse aggregate was added last than when the fine aggregate 
was added last. Then the remaining 1/3 of the water was added, and the 
concrete mixed for one minute. 
When an air-entrained batch was made, the air-entraining agent was 
weighed and added with the last 1/3 of the water. The concrete ws then 
mixed for one minute and the air content was measured using the air-
entraining pressure apparatus, in accordance with Standard Method of 
24 
Test for Air Content of Freshly Mixed Concrete by the Pressure Method, 
ASTM Designation: C231-54(24). 
(24) ASTM, ibid., PP• 1287-1294• 
Slump tests were made on each batch immediately after mixing and 
before placing the concrete in the forms. The slump test was conducted 
in accordance with Standard Method of Slump Test for Consistency of 
Portland Cement-Concrete, ASTM Designation: Cl43-52.(25) 
{25) ASTM, ibid., PP• 1370-1372. 
The beam forms were thoroughly oiled before the concrete was placed 
in them. The concrete was placed in the forms in two layers ani rodded 
50 times per square foot per layer. The surface was troweled smooth and 
the beams carried to the curing room where they were covered with burlap 
to prevent any water from dripping directly on them. The cylinders ~re 
filled in three layers, each layer being rodded 25 times. The top was 
struck off and they were carried to the curing room and covered with 
burlap. 
When the concrete· beams were 11 hours old they were removed from 
the curing room. The forlll8 were removed and the beams marked. They 
were tested on the sonic testing apparatus at the age of 12 hours. 
Arter testing they were returned to the curing room and covered with 
burlap. 
Eleven hours was decided as the earliest time the forms could be 
removed without damaging the beams. The plywood absorbed a lot of water 
in the curing room and the forms swelled up tight. After the bolts were 
removed the forms had to be knocked apart with a hammer. A looser fit 
did not solve the problem because the mortar flowed into the crack before 
the plywood had a chance to swell. 
The cylirrler forms were removed when the concrete was two days old. 
They were marked and returned to the curing room and covered with bur-
lap until tested. 
MIX COARSE TESTING SLUMP 
AGGREGATE SYMBOL INCHES 
1:1.97:3.36 Crushed CN 2 1/2 
Limestone CE 3 
1:2.94:4.03 River Run RP 2 1/2 
Gravel RA 3 
Table 5 
TESTING SYMBOLS, SIDMP AND PER CENT ENTRAINED AIR 







Testing the Specimens 
The concrete specimens were subjected to three types of tests. 
1. Sonic tests. 
2. Compression tests. 
3. Flexure tests. 
Each of the three tests will now be discussed. 
1. The beams were tested on the sonic testing apparatus in 
accordance with Tentative Method of Test for Fundamental Transverse, 
Longitudinal and Torsional Frequencies of Concrete Specimens, ASTM 
Designation: C215-55T(26). The forms were removed from the beams at 
(26) ASTM, ibid., PP• 1355-1359. 
an age of 11 hours, and the beams were first tested on the sonic 
testing apparatus at an age of 12 hours. They were tested every 12 
hour• for the first 3 days and every 24 hours from 3 days to 10 days. 
From 10 days to 28 days they were tested every 2 or 3 days. Immedi-
ately after testing the beams were returned to the curing room. 
To determine the transverse frequency the beams were supported on 
rubber knife edges set on sponge rubber. These supports were placed at 
the nodal points of the beams, 0.224L, L being the length of the beam. 
The sonic apparatus was then turned on, and direct physical contact 
made between the driver tmd the beam, at the center of the beam, and 
norti'Al to the beam. Particular care was taken to assure that the con-
tact area was smooth, clean and free from surface voids. The pick-up 
was then placed at the end of the beam, as the amplitude at the end is 
greater than the amplitude at the center. The beam .vibrates in a 
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Iso~etric of Beam 
Fi gure 6. 
SCHEMATIC OF BEAM SHOWING DIMENS I ONS AND 
POSITION OF PICK-U? AND SUPPORTS 
28 
Figure 7. 
SONIC TESTING APPARATUS IN OPERATING POSITION 
The beams were forced to vibrate at varying frequencies and the 
fUndamental frequency was recorded. With the sonic testing apparatus 
used, a Lissajous pattern of a circle will appear on the oscilloscope 
when the beam is vibrating at the fundamental frequency. See Figures 
8 and 9. An elliptical Lissajous pattern is for . all practical purposes 
a circle because it only requires a slight adjustment of the horizontal 
gain to make it a circle. The average fundamental frequencies of the· 
beanB in each batch at the age tested were calculated. The beams were 
weighed several times and the average weight of each batch calculated. 
The average beam weights, W, were as follows: CN 21.32 lbs. • CE 20.88 
lbs., RP 20.60 lbs., and RA 19.94 lbs. 
To compute the dynamic Young's modulus of elasticity the equation 
given in ASTM Designation: C215-55T(27) was used. 
(27) ASTM, ibid., PP• 1355-1359. 
30 
~· .. . .... 
• .: · 6' ~ • 
-~ .. .. . 
.. ..... ' 
,:..;._ .· 
Figure a. 
BEAM VIBRATING AT ITS FUHDAMENTAL FREQUENCY 
:11 
Figure 9. 
LISSAJOUS PATTERN AT THE FUNDAMENTAL FREQUENCY 
Where: E = dynamic Young's modulus of elasticity in pounds per 
square inch. 
W = weight of specimen in pounds 
n = fundamental transverse frequency, in cycles per second. 
C = 0.00245 r.3 T sec. per sq. in. 
b t3 
L :a length of specimen in inches 
t, b :a dimensions of cross-section of prism in inches, t 
being in the direction in which it is driven, and 
T = a correction factor which depends on the ratio of 
the radius of gyration, 
K = t to the length of the specimen, L, and 
3.464 ' 
on Poisson's ratio. Values of T for Poisson's ratio 
of 1/6 may be obtained from Table 6. 
Computations to set up the basic equations for each batch follows: 
E = CWn2 
C =- 0.00245 V T sec. per in. sq. 
b t3 
=- 0.00245 (16)3 1.31 
(4.5) (3.5)3 
= 0.0681 
= hl_ = 1.01, K/L = 1.01 :a 0.0631 
3~4b4 ~ 
from Table 6, T = 1.31 
E = 0.068lwn2 
2 2 ECN = 0.0681 (21.32)n = 1.450n 
EcE = 0.0681 (20.88)n2 = 1.421n2 
Eru> = 0.0681 (20.6o)n2 = 1.40ln2 






















VALUFS OF CORRECTION FACTOR 
ASTM Designation: C215-55T 
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Using the above basic equations, the dynamic Young's modulus of 
elasticity for each batch at the age tested was computed and the graphs 
were drawn. See Figures 10 through 15, and Tables 7 through 10. 
The dynamic E of both normal and air-entrained concrete rapidly 
increases during the first two days. Then the increase becomes less 
and less per day as the age increases. See Figures 10 through 13. The 
ratio of the increase in dynamic E from 12 hours to 48 hours, to the 
increase in ~amic E from 2 days to 28 days is as follows: CN 2.31, 
CE 3.14, RP 2.08, RA 2.84. The above indicates that the rate of in-
crease in the dynamic E of normal concrete is greater from 2 days to 28 
days than for air-entrained concrete. 
Figures 14 and 15 indicate that the rate of increase in dynamic E 
of both normal and air-entrained concrete from the same mix, increased 
at approximately the same rate from 12 hours to 48 hours. CN increased 
2,360,000 psi, CE increased 2,390,000 psi; RP increased 2,6oo,OOO psi, 
and RA increased 2,661,000 psi. 
Figures 10 through 15 indicate that the increase in dynamic E f'rom 
12 hours to 48 hours is not in a straight line or a smooth curve. This 
appears to have been caused by a spurious frequency which affected the 
Lissajous pattern in the range of 1400 to 1700 cycles. The spurious 
frequency appears to be caused by the pick-up. Therefore, the funda-
mental frequencies in the 1400 to 1700 cycle range may be a little off. 
2. The cylinders were tested at ages of 7, 14 and 28 days, in 
accordance with, Standard Method of Test for Compression Strength of 
Molded Concrete Cylinders, ASTM Designation: C39-49(28). They were 
{28.) ASTM, ibid. I pp. 1312-1313. 
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AV'F:RAGF. FUNDAMENTAL DYNAMIC MODULUS 
DAYS 
· FRFQJJENCY IN OF' ELASTI:c ITY 
CURFD 
CYC LES PFR SEC. IN PS I 
1/2 1,269 2,330,000 
1 1,362 2,690,000 
1 1/2 1,1:J:J7 .3,7.38,000 
2 1,799 4,690,000 
2 1/2 1,8.30 4,860,000 
3 1,847 4,940,000 . 
4 1,872 5,090,000 
5 1,901 5,250,009 
6 1,90.3 5,260,000 
8 1,923 5,.360,000 
9 1,928 5,.390,000 
10 1,9.36 5,4.30,000 
12 1,942 5,475,000 
14 1,952 5,520,000 
17 1,96.3 5,590,000 
20 1,968 5,600,000 
21 1/2 1,970 5,630,000 
25 1,977 5,660,000 
28 1,986 5,710,000 
Tabl e 7. 
































DYNAMIC E vs. AGE IN DAYS 
MIX CN 
7 14 21 28 
Age in Days 
Figure 10. 
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AVERAGE FUNDArmNTAL DYNA~liC MODULUS 
DAYS 
FREQ.TJENCY I N OF' ELASTICITY 
CURED 
CYCLES PER fEC. IN P~I 
1/2 1,259 2,250,000 
1 1,478 .3,098,000 
1 1/2 1,582 .3,562,000 
2 1,S07 4,640,000 
2 1/2 1,827 4,740,000 
3 1,837 4,780,000 
4 1,848 4,850,000 
5 1,873 4,980,000 
6 1,878 5,000,000 
8 1,902 5,140,000 
9 1,905 5,160,000 
10 1,908 5,170,000 
12 1,919 5,220,000 
14 1,926 5,260,000 
17 1,93.3 5,310,000 
20 1,935 5,.320,000 
21 1/2 1,938 5,.330,000 
25 1,947 5,.375,000 
• 
28 1,950 5,400,000 
Table 8. 
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AGE IN DAYS 
21 28 
39 
AVERAGE FUNDA MFNTAL DYNAM IC MO DULUS 
DAYS 
FRF.0TIENCY IN OF ELASTICITY 
CURFD 
CYCLFS PER SEC. IN PS I 
1/2 1,066 1,590,000 
1 1,.38.3 2,682,000 
1 1/2 1,506 .3,180,000 
2 1,7.30 4,190,000 
2 1/2 1,804 4,560,000 
.3 1/2 1,841 4, 750,000 
4 1/2 1,85.3 4,820,000 
5 i/2 1,879 4.940,000 
6 1/2 1,901 5,060,000 
7 1/2 1,900 5,050,000 
8 1/2 1.910 5.llo,ooo 
9 1/2 1,914 5,140,000 
10 1/2 1,918 5,150,000 
12 1/2 1,928 5.210,000 
14 1L2 1.950 5 • .320,000 
16 1/2 1,95.3 5,.350,000 
18 1/2 1.957 5.360,000 
20 1/2 1,960 5,.370,000 
2.3 1/2 1.96.3 5.400,000 
26 1/2 1,970 5.430,000 
28 1,971 5,440,000 
Table 9. 
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AVERAGE FUNDAMENTAL DYNAMIC MODULUS 
DAYS 
fRFQUE'NCY IN OF' PLASTICITY 
CURED 
CYCLFS PER SEC. IN PSI 
1/2 1,022 1,419,000 
1 1,343 2,454,000 
1 1/2 1,420 2,738,000 
2 1,736 4,080,000 
2 1/2 1,750 4,160,000 
3 1/2 1.770 4.250.000 
/.,. 1/2 1,802 4,410,000 
5 1/2 1,808 4,430,000 
6 1/2 1,827 4,510,000 
7 1/2 1,839 4,580,000 
8 1/2 1,856 4,670,000 
9 1/2 1,874 4,760,000 
10 1/2 1,875 4,780,000 
12 1/2 1,896 4,860,000 
14 1/2 1,897 4,870,000 
16 1/2 1,900 4,900,000 
18 1/2 1,903 4,910,000 
20 1/2 1, 9(17 4,925,000 
23 1/2 1,913 4,960,000 
26 1/2 1,917 4,980,000 
28 1,922 5,020,000 
Table 10. 
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tested in a hydraulically operated Riehle Universal Testing ~achine. A 
standard compressometer was used to obtain the deformation readings. 
See Figure 16. From the data obtained, the static Young's modulus of 
elasticity was determined for each cylinder, and an average static E for 
each batch at the ages tested was computed. See Table 11 and Figure 17. 
The static E determined was the secant modulus at 50% of the ultimate 
strength. For all mixes and batches, the dynamic E wae greater than the 
static E. 
The ultimate compressive stress, total load divided by the cross-
sectional area, was calculated for each cylinder and an average ultimate 
stress tor each batch at the ages tested was computed. See Table 12. 
The dynamic E ve. ultimate compressive strength was plotted. See Figure 
18. There does not appear to be a good relationship between the dynamic 
E and the ultimate strength. However, for a rough estimation the 
following equation was developed ( 29). 
(29) Sisam, C. H., Concise Analytic Geometry, N. Y., Henry Holt, p. 21. 
1 6. 
where: Y = dynamic E 
M = 6,000,000 - 4,75Q,OOO = 385 
5,500 - 2,250 
Y a 4,750,000 = 385 (X- 2,250) 
X •_L ~ 10,100 
385 
X = ultimate strength 
3. The beams were broken in flexure at ages of 7, 14 and 28 days, 
in accordance with, Flexural Strength of Concrete (Using Simple Beam 
Center-Point Loading) , ASTM Designation: C293-54T(30). The beams were 
46 
(jo) ASTM, op. cit,, PP• 1326:1328. 
tested in a mechanically operated Riehle Universal Testing Machine. See 
Figure 19. The ultimate load was recorded and the modulus of rupture 
computed with the formula given in ASTM Designation: C29.3-54T. 
R::aJPL 
2 b d2 
"Where: R =- modulus of rupture in pounds per 
square inch 
P • maximum applied load i ndicated 
by the testing machine in pounds 
L =- span length in inches 
b = average width of specimen in inches 
d • average depth of specimen in inches 
For the beams used the for.mula becomes: 
R ,. p (3) (14) ::a 0.297 P 
2 (3.5) (4.5)2 
The modulus of rupture of each beam tested was computed# and the average 
R for each batch at the ages tested was determined. See Table 12. 
The dynamic E vs. modulus of rupture was plotted. See Figure 20. 
There does not appear to be a correlation between the dynamic E and the 
modulus of rupture. 
Figure 11>. 
CYLINDER IN COMPRESSIOH TESTING MACHINE 
WITH COMPRESSOMFrER 
47 
CN CE RP 
7 Day Static E 4,220 3,600 3,220 
14 Day Static E 4,400 4,340 4,390 
28 Day s tatic E 4,330 4,260 4,360 
7 Day Dynamic E 5,325 5,075 5,025 
14 Day Dynamic E 5,520 5,260 5,280 
28 Day Dynamic E 5,710 5,400 5,440 
Note: Static E is Secant E @ 50~ Ultimate 
All E1 s are Ex 10-3 
Table 11. 
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Figure 17. 

















CN CE RP RA 
7 Day Comp . Strength 3,970 3,665 2,655 1, 9·:)J 
14 Day Comp. Strength 4,220 4 ,080 3, 10') 2,365 
28 Day Comp . Strength 5 ,020 4, 8 60 3,550 2, 90 0 
7 Day Mod. of Rupture 808 805 597 514 
14 Day •:!od. of Ru pture 855 846 614 576 
28 Day Mod. of Rupture 9 70 88 8 744 624 
Table 12 • 
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BEAM IN FLEXURAL TESTING MACHINE 
52 
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Figure 20. 
Conclusions 
1. The dynamic Young's modulus of elasticity or both normal and 
air-entrained concrete rapidly increases during the first two days. 
Then the increase becomes less and less per day as the age increases. 
2. The rate or increase in the dynamic Young's modulus of elasti-
city of normal concrete is greater from 2 d~s to 28 days than for 
air-entrained concrete. 
3. The rate of increase in the dynamic Young's modulus of elasti-
city of both normal and air-entrained concrete from the same mix, is 
approximately the same from 12 hours to 48 hours. 
4. The dynamic Young's modulus of elasticity is greater than t he 
static modulus of elasticity. 
5. There does not appear to be a good relationship between the 
dynamic Young's modulus of elasticity and ultimate strength. For a 
rough estimation the formula X ~ _!_ - 10,100 may be used. 
385 
6. There does not appear to be a correlation between the dynamic 
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